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Much has been written about the dire state of treatment
development for mental disorders (1). While there has
been progress in the development of devices and psycho-
social treatments, psychopharmacology over the past
decade appears to have stalled after four decades of exu-
berant growth (2).

There are several reasons for the lack of progress in med-
ication development: preclinical studies appear neither pre-
dictive or reproducible, there are few novel targets for
Phase I and Phase II studies, and several expensive recent
Phase III studies have failed. Psychiatric drug development
is now seen as high risk. Indeed, large pharmaceutical com-
panies have reduced investment in central nervous system
disorders from 267 projects in 2009 to 129 projects last
year, with many of these projects focusing on neurological
and not psychiatric disorders (3).

It is important to note that four decades of drug develop-
ment resulting in over 20 antipsychotics and over 30 antide-
pressants have not demonstrably reduced the morbidity or
mortality of mental disorders. While there may be many
explanations for the unabated public health needs associat-
ed with mental illness, there can be little doubt that we need
additional research and development to provide the preven-
tive interventions and cures that will reduce morbidity and
mortality. Current medications have an important role in
the toolbox of interventions but, either alone or in combina-
tion with other treatments, they have not proven sufficient.
The question is how to develop the next generation of
interventions.

PREVIOUS CLINICAL TRIALS

The National Institute of Mental Health (NIMH) has
tried to answer this question by focusing on each of the
issues noted above: problematic preclinical studies, lack of
novel targets, and failure of Phase III trials. Others have
argued for the need to move rapidly into human trials due
to the difficulty extrapolating from preclinical results (4,5).
Here we describe changes in the clinical trials portfolio to
search for novel targets and increase the likelihood of Phase
III success. The approach has been called the shift to exper-
imental medicine at NIMH. Although this term has been
used to describe broadly the clinical study of mechanisms
of disease, for NIMH, experimental medicine refers to an
approach to clinical trials.

The first step before changing the clinical trials approach
was a review of the portfolio in 2012. In the previous
year, NIMH supported over 250 clinical trials at a cost of

roughly $150M per year. More than half of these trials
were for psychosocial interventions. Our initial review
demonstrated a large number of under-powered trials that
were slow to recruit and even slower to publish. Indeed, a
2012 review of trials across the National Institutes of
Health (NIH) reported that fewer than half published
results within 30 months of completion (6). Most trials
were looking for an efficacy signal, but were designed not
to rigorously test a hypothesis about how or for whom the
intervention should work. Few trials included any test of
mechanism of action. Trials rarely included measures of
dose-response or tests of duration that could inform their
adoption and reimbursement in the real world. Given the
range of issues, NIMH announced in 2014 that it would
no longer accept proposals for clinical trials unless they
were responsive to a Request for Applications (RFA).

NEW CLINICAL TRIALS

In 2014, NIMH released three RFAs to solicit proposals
for clinical trials (see http://grants.nih.gov/grants/guide/
rfa-files/). In line with an experimental medicine approach,
each of these RFAs refocused trials from simple tests of effi-
cacy to studies of disease mechanism (7). The new approach
required a measure of target engagement, where the target
ideally was linked to some mechanism of disease but could
also be a mechanism of action of the intervention. The pro-
totype of a target might be a measure of receptor occupancy.
A clinical trial of a drug thought to work as a dopamine
receptor antagonist would need to demonstrate a dose for
engagement or occupancy of the dopamine receptor and
then test for efficacy at that dose.

This simple requirement has two important implications.
First, it allows negative efficacy data to be informative. Sec-
ond, it allows a test of the importance of the target. In five
decades of treatment development, there have been essen-
tially no mechanisms falsified in neuropharmacology, in part
because target mechanisms are rarely tested in clinical trials.

Of course, receptor occupancy is a high bar for target
engagement, unlikely to be feasible in most studies. For
psychosocial studies, the target could be a shift in attention-
al bias or social cognition or family dynamics, as assessed by
changes in objective measures included in the trial. For
device studies, the target might be a change in EEG or
evoked potentials or the blood-oxygen-level dependent
(BOLD) signal. The choice of target is critical because
the choice of intervention is almost always iterative. Each
new intervention is a step along a path toward much more
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effective treatments. To accelerate that path, NIMH believes
that an understanding of the target will prove to be the criti-
cal insight, not a slight increase in effect size.

As a further test of this approach, NIMH sponsored a
series of contract trials called Fast-Fail trials (FAST). These
trials were based on an analysis of failed Phase III trials that
suggested a need to insert go - no go decisions into earlier
phases of the development process (5). By failing early and
often, development could focus on the treatments most
likely to succeed in Phase III. In addition to requiring meas-
ures of target engagement, the FAST studies had specific
milestones built in for assessing progress. Since these trials
were funded as contracts, project management was rigorous
and funding was contingent on hitting these milestones.
Current trials include assessing the kappa opiate receptor
for anhedonia in depression and a GABA-A agonist for
social cognition in autism, with measures of target engage-
ment and specific efficacy outcomes built in.

ENHANCING IMPACT

The new experimental medicine approach asks applicants
to answer two simple questions about their experimental
design: Will negative results be informative? Will positive
results have an impact? Target engagement addresses the
question about negative results. The impact of positive results
is more complicated. In spite of the considerable experimen-
tal evidence of efficacy for targeted psychotherapies such as
cognitive behavioral therapy and dialectical behavior thera-
py, and considerable data about the most effective use of
medications, our field faces a crisis of failed implementation.

There are at least three issues affecting implementation.
First, in most communities, in both the developed and the
developing world, there are too few clinicians with super-
vised training in either psychopharmacology or those psy-
chotherapies with the most evidence for efficacy. Second,
for psychosocial treatments, the research establishing evi-
dence rarely demonstrates the requisite dose or duration of
treatment. And finally there has been little adherence to
standards for fidelity, especially for psychotherapies. With-
out the regulatory framework that exists for medications
and devices, neither patients nor payers know how to judge
what a therapist actually delivers. Experimental medicine
may not solve all of these issues, but properly designed
experiments can at least establish dose and duration, with
the potential for creating measures of fidelity as well.

BEYOND EXPERIMENTAL DESIGN

The aforementioned portfolio analysis revealed serious
problems with several key measures of performance. While
not ubiquitous, there were many trials that had failed to
register in ClinicalTrials.gov, some with prolonged delays
in enrolling the first subjects, and many failing to meet

recruitment milestones. As noted above, many NIH trials
were also slow to publish following completion of the study,
with as many as 30% failing to publish any results (6).
NIMH has also altered its expectations for clinical trials
beyond experimental design. All trials funded by NIMH
must be registered in ClinicalTrials.gov. To expedite enroll-
ment, all multi-site trials are expected to have a centralized
institutional review board (IRB). Recruitment will now be
tracked in all studies, with funding terminated for studies
that persistently fail to meet recruitment goals.

NIMH-funded clinical trials are now required to submit
individual level data on a quarterly basis to the National
Database for Clinical Trials Related to Mental Illness (http://
ndct.nimh.nih.gov). The importance of sharing individual-
level data became apparent in a recent reanalysis of 37 pub-
lished clinical trials (8). In 35% of the trials, the reanalysis led
to a different interpretation than reported in the original
paper, with implications for the types and numbers of pa-
tients who should be treated.

Two other issues deserve note. Clinical trials of mental
disorders have been impaired by the heterogeneity of our
diagnostic classifications. It is not hyperbole to suggest
that a study of a new drug for major depressive disorder
is analogous to giving a new antibiotic to everyone with
fever. No one should be surprised that 30% of patients
respond to placebo and 50% fail to respond to the new
treatment. We need precision medicine for mental disor-
ders. The Research Domain Criteria (RDoC) project seeks
to go beyond symptom-level classification to identify more
precise categories that could be used to stratify patients for
clinical trials (9). This approach may also yield new clinical
targets, such as anhedonia, fear reactivity, or aspects of
executive function, that take us beyond the current focus
on antidepressants, antipsychotics, and anxiolytics.

Finally, it is a curious paradox that nearly all clinical trials
study a single intervention and yet in the real world of prac-
tice nearly all patients receive multiple interventions. While
research demands the purity of single variables, we must
find a way for science to align more closely with the practi-
cal needs of patients. Is it realistic to expect conditions as
complex as psychotic, mood, or anxiety disorders to re-
spond to a singular intervention? The treatment of diabetes
now involves a package of psychosocial, medical, and de-
vice based interventions. Surely the time has come to recog-
nize that there is not a magic bullet for most people with
mental disorders, that the best treatment will involve access
to multiple interventions tailored to the needs of an individ-
ual patient and selected by an informed patient working
with an informed provider. The NIMH supported Recovery
After Initial Schizophrenia Episode (RAISE) study is an
example of this approach that could serve as a model for
future trials (see http://www.nimh.nih.gov/health/topics/
schizophrenia/raise/index.shtml).

The shift to deployment focused intervention studies, which
take “real world” issues into account, may ostensibly appear
to be a challenge to an experimental medicine approach.
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In fact, it is essential for understanding both targets and im-
pact.

CONCLUSIONS

We need a next generation of treatments for mental disor-
ders. As one step towards this goal, NIMH has introduced a
new set of requirements for clinical trials. The design of
these trials follows an experimental medicine approach,
with a focus on target engagement. Beyond design, these tri-
als will require new levels of transparency and efficiency.

Public health success will ultimately depend on more pre-
cise stratification of patients for trials and the development
of combinations of treatments that can optimize outcomes.
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